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Abstract Catha edulis (Khat) is one of the major eco-
nomic, social and health problems in Yemen. This paper
aimed to study the effect of Khat on the oxidative status
of Khat chewers by measuring the levels of enzymatic and
non-enzymatic antioxidant as well as lipid peroxidation. The
results exhibited significant reduction in erythrocytes super-
oxide dismutase (SOD, EC: 1.15.1.1), and catalase (CAT, EC:
1.11.1.6) in Khat chewers, in addition to elevation of serum
glutathione-S-transferase (GST, EC: 2.5.1.18). Furthermore,
non-enzymatic antioxidants glutathione (GSH) and vitamin
C were significantly reduced (p < 0.001; p < 0.015),
whereas malondialdehyde (MDA) was significantly elevated
(p < 0.001). The depletion of GSH and vitamin C along
with MDA elevation in Khat chewers compared with control
reflects the obvious oxidative status, a result of enormous
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reactive oxygen species (ROS) formation, leading to mem-
brane damage. ROS possibly induced by active components
of Khat or by pesticides added to the Khat tree. In addition,
the reduction of SOD and CAT is indicative to cellular pro-
teins damage which occurred by ROS. As well, the elevation
of GST may due to a leakage of cellular GST to blood stream;
this implies that GST active site was not affected. This study
concludes that daily chewing Khat for long period certainly
induce ROS production, leading to oxidative toxicity. Both
enzymatic and non-enzymatic antioxidants are involved in
the protection against this toxicity. People who habitually
chew Khat for long term will be susceptible to the oxida-
tive toxicity; therefore, they recommended giving up of Khat
chewing.
Keywords Khat chewing · Antioxidant · Oxidative stress ·
Catha edulis · Antioxidant enzymes
1 Introduction
The interruption of balance between oxidants and reduc-
tants within the body due to the excess production of perox-
ides and free radicals causes damage to cellular components
and tissues leading to oxidative stress [1]. Oxidative stress
occurs either due to the increasing level of the reactive oxy-
gen species (ROS), or a decrease in the antioxidant defense.
ROS molecules include hydrogen peroxide (H2O2), super-
oxide (O·−2 ) and the hydroxyl radical (·OH); they are harmful
for all tissues [2]. The capacity of antioxidant defense sys-
tems to catch ROS is very crucial for protecting the tissues
from oxidative damage. Cellular antioxidant defense systems
including enzymatic [such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPX), glutathione-
S-transferase (GST) and glutathione reductase (GR)] and
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non-enzymatic [such as tocopherols, carotenoids, flavonoids;
ascorbate, urate, and glutathione (GSH)] act together to pre-
vent disturbances in ROS homeostasis or to reduce the effect
of oxidative stress in cells [3–5]. Pesticides also can induce
oxidative stress, either by overproduction of free radicals or
by alteration in antioxidant defense mechanisms, including
detoxification and scavenging enzymes [6].
Catha edulis plant (Khat) is cultivated primarily in East
Africa and southern west of Arabian Peninsula. Khat leaves
and shoots of the shrub usually harvested and chewed to
obtain a stimulant effect [7]. The active ingredients of Catha
edulis are cathine (norpseudoephedrine) and cathinone (ben-
zoylethanamine). These alkaloids are similar in structure and
pharmacological activity to amphetamines [8]. More than 40
compounds have been identified in Khat extract [9]. The habit
of Khat chewing has prevailed for centuries among popula-
tions including Yemen [10]. Khat consumption has increased
during the last decades in Yemen, Eastern Africa, and has
become a global phenomenon spreading to ethnic commu-
nities in the rest of the world, such as The Netherlands, UK,
Canada and the USA [11].
Higher consumption of Khat in Yemen has led to an
increasing demand, and this in turn needs an extensive use of
pesticides to increase production; 95 % of Khat farmers hap-
hazard use hazardous and unofficially controlled pesticides
for the Khat trees, risking the health of consumers [12]. The
toxicity of various pesticides, including organochlorines and
organophosphates (OPs), has been reported to induce the pro-
duction of oxidative stress [13]. World Health Organization
(WHO) was evaluated that 30–50 % of adult females regu-
larly consume Khat in Yemen [14]. Therefore, the relation
between human health and Khat chewing habit extensively
studied, but most of them have focused on the pharmacol-
ogy of Khat and the Khat amphetamines, whereas relatively
few reports have investigated potential cytotoxic effects and
underlying mechanisms.
Oral administration of total aqueous Khat extract or of its
alkaloid fraction exacerbates the oxidative stress in restrained
rats due to the decreasing activity of antioxidant enzymes,
SOD, CAT and GST [15]. On the other hand, the flavonoid
fraction of the Khat enhances the activity of the antioxidant
enzymes in rats and this could provide a protection against
the oxidative stress [16]. Khat induces an increase in ROS
and a depletion of intracellular glutathione in the cell cul-
tures of human keratinocytes and fibroblasts, the reactions
that could be opposed by addition of exogenous antioxidants
[17]. Recently, it is reported that chewing Khat inhibits ROS
scavenging enzymes in the human blood serum, resulting in
significant elevations in free radical loads, which cause the
increase in oxidative stress [18,19].
In this study, we investigate the effect of chewing Khat in
daily manner on the oxidative stress status by monitoring the
activities of antioxidants enzymes (SOD, CAT and GST) and
measuring the levels of non-enzymatic antioxidants, (glu-
tathione and vitamin C), as well as malondialdehyde (MDA)
the final product of lipid peroxidation.
2 Materials and Methods
Fifty subjects were recruited after they have been written
informed for this study, which principally performed in
accordance with the Declaration of Helsinki. Twenty-five
of them are Khat chewers of age range 24–40 years (mean
32.700 ± 5.079). They have been chewing a fresh Khat daily
for at least 4 h for 3 years. The other 25 subjects used as a
control are non-Khat-chewers of age range 22–45 years and
mean age of 30.000 ± 4.691. All subjects were not using any
kinds of tobacco, healthy, did not suffered from any chronic
disorder like hypertension, cardiac, renal or liver disease and
did not have any history of health disorder.
2.1 Preparation of Plasma and Erythrocyte Lysate
Blood was collected with using EDTA anticoagulant and cen-
trifuged at 700–1,000×g for 10 min at 4 ◦C. The top yellow
plasma layer was pipetted off without disturbing the white
buffy layer. Then the plasma was stored on ice, and the white
buffy layer (leukocytes) was removed and discarded. The ery-
throcyte portion (red blood cells) was lysed four times. The
ice-cold double-distilled water was centrifuged at 10,000×g
for 15 min at 4 ◦C. The supernatant (erythrocyte lysate) was
collected and stored on ice. This lysate was used for the deter-
mination of enzyme activities of SOD and CAT.
2.2 Enzyme Assay
2.2.1 Superoxide Dismutase (SOD)
The SOD activity was measured by a spectrophotomet-
ric method [20]. The hemolysate was mixed with ice-cold
0.05 M phosphate buffer containing 1 mM EDTA. The SOD
was extracted from the supernatant by chloroform–ethanol
and measured by a method, which uses the ability of the
SOD enzyme to inhibit the reduction of nitro-blue tetra-
zolium (NBT) by superoxide radical that generated by the
reaction of photoreduced riboflavin and oxygen. For each
sample to be essayed, three tubes were set up containing 50,
100, 300 microliter of red blood cell extract plus 0.2 ml of
EDTA/NaCN, 0.1 ml NBT, 0.05 ml riboflavin and potassium
phosphate buffer to give a total volume of 3 ml. A tube con-
taining no red blood cell extract was included in each run.
After mixing, the tubes exposed to uniform illumination for
20 min. At 560 nm, optical densities were measured at room
temperature. Results were given as units of SOD per gram
of hemoglobin. One unit of SOD was defined as the amount
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of enzyme causing 50 % of the maximum inhibition of NBT
reduction.
2.2.2 Catalase (CAT)
Catalase activity was determined by the method of Aebi [21]
by using a UV/visible spectrophotometer. Three milliliter
reaction mixture volume contained 2.2 ml of 0.01 M pH 7.0
sodium phosphate buffers, 0.4 ml of 2 M H2O2 and 0.2 ml of
erythrocyte lysate. The decomposition rate of substrate H2O2
was monitored at 240 nm. A molar absorptivity (ε) of 43.6 L
mol−1 cm−1 was used to calculate the activity of CAT. One
unit of CAT was defined as the amount of enzyme, which can
decompose one µmol of H2O2/min.
2.2.3 Glutathione-S-transferase (GST)
Activity of serum GST was assessed by the method of Habig
[22], by measuring the conjunction of glutathione (GSH)
and 1-chloro-2,4-dinitrobenzene (CDNB) as substrate. The
reaction mixture contained 0.1 ml of serum sample, 0.1 ml
of CDNB and 2.7 ml of phosphate buffer pH 6.25 in a total
volume of 2.9 ml. The reaction was initiated by the addition
of 0.1 ml of 29.93 mM GS. The absorbance of the mixture
was read every 30 s at 340 nm against distilled water blank
for 8 min by a spectrophotometer. The assay mixture with-
out the extract served as the control to monitor non-specific
binding of the substrates. The GST activity was calculated
using the extinction coefficient of the product formed (9.6
mM−1 cm−1) and was expressed as nmoles of CDNB con-
jugated/minute.
Hemoglobin was determined by commercial kit according
to the instructions of the manufacturer. Total protein was
estimated according to Lowry [23] method by using bovine
serum albumins as standard.
2.3 Determination of Glutathione and Vit. C
2.3.1 Glutathione (GSH)
Analysis of blood GSH concentration was performed with the
method described by Ellman [24] and as modified by Ohkawa
[25]. In brief, 0.2 ml of whole blood was added to 1.8 ml dis-
tilled water and was incubated for 10 min at 37 ◦C for com-
plete hemolysis. After hemolysis, 3 ml of 4 % sulphosalicylic
acid was added and tubes were centrifuged at 2,500×g for
15 min. Supernatant (0.2 ml) was mixed with 0.4 ml of 10 mM
5, 5′dithiobis-(2-nitrobenzoic acid) (DTNB) and 1 ml phos-
phate buffer (0.1 M, pH 7.4). At the end of 5 min, absorbance
of the yellow chromogen was measured at 412 nm and it was
directly proportional to GSH concentration.
2.3.2 Vitamin C
Vitamin C (ascorbic acid) is a major soluble antioxidant in the
body fluid and was estimated by the dinitrophenyl hydrazine
(DNPH) method [26]. The serum was first deproteinized with
5 % TCA, incubated with the DTC reagent (0.1 M DNPH,
0.027 M of copper sulfate and 0.66 M of thiourea) for 60 min
at 60 ◦C and then followed by the addition of 4.5 M sulfuric
acid. The intensity of the formed color was read at 520 nm
against a blank, which was similarly treated as the test sample
except using distilled water instead of serum. Ascorbic acid
concentration was expressed as mg/dl.
2.4 Determination of Malondialdehyde (MDA)
Serum MDA levels were estimated using thiobarbituric acid
(TBA) method according to Beug [27]; 375 mg of TBA
was dissolved in 2 ml of 0.25 N HCl, followed by 15 g of
trichloroacetic acid (TCA) for a total volume of 100 ml. The
solution was heated in a water bath at 58 ◦C to dissolve
TBA properly. One milliliter of serum was added to 2 ml of
TCA-TBA and mixed thoroughly. The solution was heated
for 15 min in a boiling water bath. After cooling, the floc-
culent precipitate was removed by centrifugation. Sample
absorbance was then determined at 535 nm against a blank
that contained all reagents except the serum sample. Serum
MDA concentration was calculated using extinction coeffi-
cient (ε) 1.56 × 105 M−1 L cm−1 for the malonaldehyde-
TBA complex and expressed as nmol/ml.
2.5 Statistical Analysis
One-way analysis of variance (ANOVA) was used for sta-
tistical evaluation in all experiments by using GraphPad
prism ver. 6. Data were shown as mean ± SD. The value
of p < 0.05 was considered statistically significant.
3 Results
Level of antioxidant enzymes activities exhibited various ten-
dencies. Both erythrocyte SOD and CAT activities were sig-
nificantly decreased in Khat chewers compared to the con-
trols (i.e., non-Khat chewers) (Fig. 1), whereas serum GST
activity of Khat chewers was significantly increased than that
group of non-Khat chewers as a control (Fig. 2).
Non-enzymatic antioxidants and lipid peroxidation
marker are illustrated in Table 1. Significant decrease in the
serum glutathione (GSH) of the khat chewers compared to
the non-Khat chewer’s controls (p < 0.001) was observed.
This reduction was also noticed in the level of serum vitamin
C (p < 0.015). Both GSH and vitamin C reduced approxi-
mately by 32 % in the Khat chewer subjects comparing with
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Fig. 1 a Activity of erythrocytes SOD and b CAT in blood of long-
term daily Khat chewers and non-Khat chewers. Results expressed as













Fig. 2 Activity of serum GST in blood of long-term daily Khat chew-
ers and non-Khat chewers. Results expressed as mean ± SD of triple
replicate. (*p < 0.05)
the non-Khat chewers. Malondialdehyde (MDA) is the final
product of the lipid peroxidation, and it is consider as the
intimate marker of the membrane leakage. The level of this
marker was found to be significantly higher in the Khat chew-
ers rather that non-Khat chewer controls (p < 0.001).
4 Discussions
Antioxidants are intimately involved in the prevention of cel-
lular damage from that caused by unstable molecules known
as reactive oxygen species (ROS), which can cause chain of
reactions. Antioxidants terminate these chain reactions by
removing free radical intermediates and inhibit other oxida-
tion reactions by oxidizing themselves. Clinically, antioxi-
dants were classified into two groups: preventive and chain-
breaking antioxidants. SOD is one of the chain-breaking
antioxidants, while CAT is the preventive antioxidant enzyme
[28,29]. By comparing the activities of erythrocytes SOD
and CAT in our results, we found that there was a significant
decrement in the activities of erythrocyte SOD and CAT in
daily Khat chewers relevant to the control (non-Khat chew-
ers). The enzyme SOD breaks down the superoxide anion
to hydrogen peroxide. This hydrogen peroxide converts by
CAT, providing the first line of defense against reactive oxy-
gen species toxicity.
This reduction of SOD and CAT was similar to the results
presented in rat treated by Khat [16,30]. In contrast, the SOD
and CAT activities increased in Chick embryos after being
treated with Khat leaves that were treated by insecticides
[31].
The decrease in SOD activity appeared to be associated
with the decrease in the levels of SOD protein of the exam-
ined tissues [32]. In addition, this may be due to an increasing
endogenous production of ROS as indicated by the increase
in lipid hydroperoxides. In vitro studies indicate that all SOD
enzymes are exquisitely susceptible to oxidative modification
and inactivation through targeting of tyrosine [33] or histi-
dine residues [34]. Depletion of CAT activity, observed in
our study, might enhance the oxidative stress in patients by
lowering the detoxification of H2O2. Such conditions may
accelerate the risk of cell components damage. It is well
known that if the superoxide ions are not removed immedi-
ately, it may cause the inhibition of CAT activity [35]. Thus,
the lower CAT activity we recorded might be a consequence
of the decrease in SOD activity in hyperplastic and cancer
patients.
Glutathione-S-transferase isozymes played a central role
in human detoxification process. Human GSTs mainly con-
sist of class Pi (GST π ), Alpha (GST α), Mu (GST μ) and
Theta (GST θ ) enzymes, each subdivided into one or more
isoenzymes. Both cytosolic and microsomal GSTs catalyze
the conjugation of glutathione with wide variety of xenobi-
otics such as carcinogens, pharmacologically active agents,
as well as reactive oxygen species (ROS). The conjugation
may result in the formation of more water-soluble and less
biologically toxic molecules that can excreted easily [36].
Our results showed significant elevation in serum GST
activity, reflecting the presence of high toxic compounds
which may resulting from mixed pesticides commonly added
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Table 1 Levels of antioxidants and lipid peroxidation marker of Khat chewers and non-chewers as a control
Non-Khat chewera (n = 25) Khat chewersa (n = 25) p
GSH (mg/100 ml) 38.546 ± 1.544 26.354 ± 2.267 p < 0.001
Vit. C (µM/L) 42.284 ± 8.943 28.268 ± 13.234 p < 0.001
MDA (nM/ml) 2.8538 ± 0.4108 16.742 ± 1.4206 p < 0.015
a All values are mean ± SD of three separated replicates
in large amount to khat trees by farmers or ROS produced.
This elevation of GST in Khat chewer did not reported yet
in human. However, the experimental animals were orally
treated with Khat extract showed GST reduction [16]. There-
fore, the elevation of serum GST activity suggests that cellu-
lar GST protein did not altered by ROS, which in turn leakage
to bloodstream.
Glutathione (GSH) is an essential tripeptide found in
mammalian cells. It maintains the intracellular thiol redox
status and detoxifies exogenous and endogenous reactive
molecules [3]. In addition to detoxification, GSH is important
in storing and transporting of amino acids. The characteristic
feature of the tripeptide GSH (γ -glutamylcysteinylglycine)
is the presence of reactive sulphydryl (–SH) group, which
is oxidized to form GSSG, and then reduced to GSH by the
NADPH-dependent glutathione reductase. In addition, glu-
tathione peroxidase catalyzes the GSH-dependent reduction
of H2O2 and other peroxides [37].
GSH in Khat chewer subjects is lesser than the control.
The reduction of GSH in Khat chewers confirms the role of
GSH in the detoxification of ROS, which produced as result
of the Khat alkaloids continent effects or the effects of the
pesticides added to Khat by farmers.
Our result confirms the previously reported studies, which
exhibits the depletion of GSH in long-term Khat chewers or
experimental animals treated with Khat extract [17,30]. This
enhancing the idea that GSH is strong cellular antioxidants,
which effectively scavenges reactive oxygen species (e.g.,
hydroxyl radical, lipid peroxyl radical and H2O2) and other
free radicals directly and indirectly through enzymatic reac-
tions [38]. Depletion of GSH can also activate apoptosis in
the absence of such stimuli [3].
Level of serum ascorbate (vitamin C) was significantly
decreased in Khat chewers against control (p < 0.001).
Vitamin C has generalized antioxidant property for the more
common ROS. Thus, the demand for vitamin C will be high
unlike limited or specific antioxidants. This probably con-
firms the suggestion that vitamin C is the first line of defense
in the antioxidant defense System [39].
The significantly reduced ascorbate level in Khat chew-
ers compared to non-Khat chewers, most probably reflects
the increasing demand for this antioxidant to counter the
excessive free radical drain. ROS reversibly or irreversibly
damage compounds of all macromolecules. When ROS are
not removed by natural scavengers, damage occurs through
peroxidation of structurally important polyunsaturated fatty
acids within membrane phospholipids. Lipid peroxidation
has been used as an indirect marker for oxidant-induced cell
injury [40].
Khat chewers showed higher level of malondialdehyde
(MDA) than non-chewers; this significant elevation of MDA,
the final products of lipid peroxidation, reflected the great
status of oxidative stress (Table 1). This result confirms the
similar elevation of MDA induced by Khat [16,17,30,41].
Elevation level of MDA reflects the lipid peroxidation that
occurred by radicals, from a polyunsaturated lipid abundant
in the cell membranes, and this amplifies the damage of cell
membrane.
5 Conclusion
It could be concluded from the present study that the signifi-
cant decrease in both enzymatic and non-enzymatic antioxi-
dants status in combination with increased presence of MDA
in people daily chewing Khat for long period suggests that the
reactive oxygen species(ROS) generates leading to damage
of cellular proteins and peroxidation of cellular membrane
lipids which causing damage of membrane permeability and
leakage of cellular components to blood. These conditions
increase the risk of oxidative toxicity. Antioxidants have pro-
tective effects against this toxicity. People who daily chew
Khat for long term will be susceptible to the risk of oxida-
tive stress; therefore, they are recommended to quit chewing
Khat for better health benefits.
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